In this paper, I analyze the cost for 72 United States Forest Service National Environmental Policy Act (NEPA) timber projects over the period [2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016]. Project costs exhibit economies of scale, over project size. That is, a proportional increase in project acres may result in a proportional increase in cost savings for NEPA projects. Moreover, projects with biota that are recognized by the Endangered Species Act (ESA) add to the complexity of projects, requiring more intensive analysis, which has direct cost effects. The results suggest that all equal projects that contain an ESA species are 51% greater in project cost. As a result, the presence of an ESA animal likely presents a disincentive for prospective projects to be undertaken by NEPA planners. The implication is that the cost of NEPA ESA analysis may not be a prudent budgetary undertaking, when comparing acreage to an area without an ESA, for project planning.
INTRODUCTION
There is great demand in environmental policy making for improving and increasing the simultaneous use of analytical tools and deliberative processes. Due to a high degree of complexity, uncertainty and ambiguity, a combination of thorough analysis and informed deliberation is clearly useful and important for environmental appraisals and decisionmaking [1] - [4] . Substantial environmental and economic decisions are made on public lands and public land management continues to be a controversial arena particularly concerning timber harvest decisions [5] .
One of the most polarizing pieces of public land legislation is the National Environmental Policy ACT (NEPA) of 1969. A 2002 study found that the United States Forest Service alone spends an estimated $250 million annually on the NEPA planning process [6] . Another study revealed that in 2006, nearly 8,000 Forest Service employees were engaged in the NEPA process with nearly $365 million spent on these planning engagements [7] . In 2012 the Council on Environmental Quality (CEQ) issued 40 Code of Federal Regulations (CFR) parts 1500-1508 calling for more efficient and timely reviews of NEPA documents.
NEPA costs vary across Forest Service projects and that variation can be attributed to a variety of factors. For instance, if a timber removal project is proposed in an area containing animals that fall under the Endangered Species Act (ESA), then the planning process (NEPA) will be more intensive, and likely costlier. Understanding how these costs vary across different forest projects provide valuable information when trying to determine the cost of NEPA for a timber-harvesting project and for budgeting decisions within the agency. If a collaborative effort for timber harvest between a private entity and the Forest Service were to take place, then these cost estimations could be used for a benefit-cost analysis for assessing a project location. The Forest Service would benefit with the lowest cost for performing the NEPA analysis, and the private entity would likely face less risk of litigation, and a shorter time frame for project implementation.
The Forest Service begins every year with a budget constraint (appropriated from Congress) and must make decisions on how to allocate their funds to maximize the benefits that the forest provides; whether this be recreation, conservation, or wood products. The results of this analysis will aid in that decision-making process by identifying areas where costs could be minimized. While not to be taken as a "silver bullet" to predict the costs of NEPA projects, the model attempts to be a powerful tool when making NEPA decisions. For example, if there were multiple forest systems that contained the desired timber utilization properties (whether biofuels, logging, or treatments), the planner could use the tool to examine the sites. This includes both qualitative and quantitative characteristics. With this tool, the planner could then make a decision amongst different NEPA alternatives that would result in the lowest cost, all else equal.
Economies of scale are also estimated from the NEPA cost function results of the model. Economies of scale and scope are typically estimated with cost functions that are common to all firms within an industry, whether or not they specialize in a single output or produce multiple outputs [8] . While economies of scope are not within the bounds of this analysis, a qualitative discussion is included. The internal structure of the firms in this analysis, where the firms are represented by different forests within the Forest Service, are assumed to be the same. For example, each forest employs resource specialists that work on the different sections of a NEPA document, such as a hydrologist, wildlife biologist, or air quality expert.
There is a developed area of literature surrounding the litigation factors and associated practices encompassing the NEPA process, but there has been little to no effort to estimate a cost function for the Forest Service's NEPA efforts. Hence the effort of this paper is to propose a NEPA specific econometric procedure to estimate the Forest Service's NEPA cost function.
The organization of this paper begins with a brief overview of the federal process to complete NEPA, then a detailed illustration of how the Forest Service prepares NEPA documents. The analysis continues with a brief discussion of cost functions and how they apply to solving the social planner's problem. This is followed by a literature review of cost function estimation analyses and the appropriate econometric model. The next section summarizes the data used for this analysis. This is followed by an econometric model of data gathered for the different forests in Region 1 of the US Forest Service. The findings of the model are analyzed and contextualized into a framework ideally to aid in finding a cost effective NEPA area for timber harvest. This research further elucidates the understanding of the cost function associated with the NEPA process.
One of the limitations of this analysis is that the costs of legal expenses incurred by the Forest Service with a contentious project are not directly estimated. Estimations of NEPA project cost variables outside of timber product projects (i.e. camp grounds, oil and natural gas development, recreational improvements, etc.) are not within the bounds of this paper and were therefore not included. Only costs faced by the Forest Service are identified and additional costs incurred by collaborative agencies or stakeholders involved with the project are excluded.
2 FOREST SERVICE NEPA NEPA is a far reaching and influential law, pertaining to roughly 50,000 proposed actions per year [9] . A study by the Council on Environmental Quality (CEQ) to gauge NEPA's effectiveness considered some of the structural problems in NEPA's application. The Forest Service's application of the NEPA should be to provide a decision framework that enables society to contribute to the NEPA process. This enables the public to directly provide information about how it would prefer to earn a return on its public assets in the form of benefits, whether these be market or non-market values. These benefits could mean additional jobs for the economy or future benefits of forest health and resilience. However, these benefits, and their respective costs of the process are not readily available and can be very complex to decompose. The Government Accountability Office released a report in 2014 stating, "Little information exists on the costs and benefits of completing NEPA analyses. Agencies do not routinely track the cost of completing NEPA analyses, and there is no government-wide mechanism to do so" [10] . This paper hopes to shed some light on what these costs are with respect to timber harvesting on Forest Service land. The archetype of this analysis could be applied more broadly to any acting federal agency.
Each agency of the government has adopted its own procedures for preparing NEPA documents, coordinating with other agencies, and the public comment process [11] . Many times, a follow the leader procedure is enacted where an agency does not have an approved process but follows another agency's process. In addition, project cost accounting is also not uniform across agencies. The resources for each agency's involvement are costly and antiquated. Hard copies or CDs of the entire NEPA document are sent for agency review, and agencies are not able to view other agencies comments in a timely manner [11] . The Department of Energy (DoE) kept generalized cost records for the NEPA process for external contractors to prepare an EIS. For years 2003-2012 the average cost for an EIS was $1.4 million [10]. Other analyses have focused on the cost of appeals or the cost of litigation [12] . Attempts are made to make a document "litigation proof" often lead to costly documentation along with limited scope of potential alternatives [13] . This difficulty in tracking cost information has also been expressed by the Forest Service. A recent Forest Service report on sourcing for NEPA compliance, said that it is "very difficult to track the actual cost of performing NEPA. Positions that perform NEPA-related activities are currently located within nearly every staff group and are funded by a large number of budget line items. There is no single budget line item or budget object code to follow in attempting to calculate the costs of doing NEPA" [14] .
In 2015, the Forest Service published 71 draft and Final EISs in the Federal Register. In comparison to other Federal Agencies, this nearly twice as many as the next two agencies, 40 by both the Bureau of Land Management and U.S. Army Corps of Engineers [15] . EISs take a considerable amount of time and resources to complete. In 2015, the average time from Notice of Intent (NOI) to Draft EIS was 958 days and from Draft EIS to Final EIS an average of 547 days [15] . This makes total days from NOI to Final EIS of 1505 days, or just over 4 years.
In order to try and reduce the amount of excessive paperwork the CEQ has provided guidance and page limits on environmental documents, "the text of final environmental impact statements shall normally be less than 150 pages and for proposals of unusual scope or complexity shall normally be less than 300 pages". 42 EAs were part of the sample consisting of an average page length of 242, while the 18 EISs examined in this analysis have an average page length of 573 pages. This excludes the appendices. Some of the factors identified why agencies fail to meet this limit include: the need to add more detail to avoid litigation, failure to properly scope the document, EAs serving to meet an EIS-level project [11] .
3 THEORETICAL FOUNDATIONS Benefit and cost functions have been estimated in a wide array of analyses within the context of forestry and its corresponding environment. An analysis assessing marginal benefits and costs of species preservation estimated a marginal cost curve for spotted owl survival in the Pacific Northwest of the United States [16] . This highly contentious study was estimated to aid in the decision to be made on public policy for maximization of social welfare on the interplay between timber harvest and owl conservation.
Marcin [17] used a similar approach in estimating a cost function for composite wood products using a translog cost function estimation. He concluded that using this approach is a convenient way to estimate supply and demand equations consistent with primal economic theory. Pizer and Kopp [18] used the following equation:
where a is a parameter or vector of parameters describing an environmental policy, z is a vector of parameters summarizing the current economic equilibrium and C i is the cost associated with the i-ith agent. This analysis used a partial equilibrium model considering the relationship between the environment and associated costs when policy effects are transmitted to other markets and the economy equilibrates. A related analysis by Martin and Voltes-Dorta [19] used the translog cost function for an econometric model to estimate the cost function for airports. Technical and allocative inefficiencies were specified using a Stochastic Frontier method accomplished through Bayesian Inference and Monte Carlo methods. Oliver [20] found that cost elasticities based on a Cobb-Douglas form indicated that proportional increases in capacity and mileage of natural gas pipelines will most likely result in a proportional increase in project cost. This suggests a greater than proportional increase in project cost. In this analysis economies of scale and economies of scope were also estimated and found that economies of scale were exhibited over the capacity margin in natural gas pipelines and economies of scope over the spatial margin of the pipeline network.
The translog production function or cost function occurred in the context of research related to the discovery and definition of new flexible forms of production functions and to the approximation of the constant elasticity of substitution (CES) production function [21] . The translog cost function takes the general form:
The estimation of a cost function in eqn (2) requires quantity produced (q), observations on costs, outputs (C) and input prices (w) of firms whose behavior is assumed to be costminimizing [19] . Econometric estimation to model cost functions with non-linear characteristics with a non-linear estimator that has properties to make a linear conversion, can be accomplished by using a trans log model estimation. The functional form of the translog cost function allows for a U-shaped average cost curve. This is a reasonable assumption with regards to producing NEPA documents. Quantity for our purposes is project acres. My a priori hypothesis, is that as more project acreage are analyzed the average cost begins to decrease to a certain point. Past this inflection point, as the quantity of project acreage continues to grow, the average cost starts increase as the Forest Service starts experiencing a higher per unit cost. This characteristic illustrates diminishing marginal returns for additional acreage analyzed by the US Forest Service.
Some additional properties of the translog cost function include that input demand is downward sloping, cross price effects are symmetric, a shift in marginal cost with respect to an input price is equal to the shift in the input's demand with respect to output, the sum of own and cross price elasticities are equal to zero, and the proportional increase in all input prices must shift the cost by the same amount holding output constant [22] . 
Economies of scale and NEPA
Both in the private and public sector there has been debates about the efficiency tradeoffs for producing multiple smaller NEPA project documents versus producing one large analysis for an area. For example, consider the Forest Service is planning the NEPA process for multiple areas across a single Forest unit. One strategy is to complete multiple EAs to address impacts for each individual project. If the multiple project areas are in close proximity to one another then one large EIS could be prepared to disclose all of the impacts in one solitary document. A specific example of this logic is a project included in my analysis. The Mass Geis Project EA was originally two adjacent projects that were combined to be analyzed in one document. The result of my analysis will estimate a measure of economy of scale for each of the independent variables, which will answer the question: Is marginal cost decreasing as the volume of acreage increases?
Economies of scope and NEPA
Another unexplored area of NEPA and policy research is the prevalence of cost savings generated by economies of scope. Economies of scope exist in a process when the unit cost of producing two or more products in combination are lower than would occur separate production processes [23] . To illustrate this in the NEPA context consider two areas where multiple EAs will take place, what kind of cost savings does combining the two collaborative efforts to produce multiple documents? For example, when resource specialists are writing the sections for one EA, they could also write analyses concomitantly for an adjacent project area. This would involve coordination between NEPA planners within the Forest Service. This estimation is beyond the scope of this analysis.
EMPIRICAL MODEL

Description of the data
The data that was gathered for this analysis was obtained through the Forest Service's budgeting departments. The specific database it was obtained from is called the "WorkPlan System (WPS)". WPS is an internal budgeting tool utilized by NEPA planners to estimate costs for Forest Service NEPA projects. The data obtained included all projects that were entered into the WPS and occurred in Region 1 of the Forest Service for fiscal years 2006-2016. This raw data included all projects that were undertaken on Forest Service land, and not just those that were utilized for timber products.
The original dataset contained 259,220 total observations for Region 1 that were logged in the database during the years 2006-2016 with total planning dollars of $7.6 billion. Some of the projects within this dataset were undertaken, while some were not. To identify and isolate the different projects that were logged in the database for the use of timber products off of Forest Service land, these observations were queried down by various categorical characteristics.
Project acres (ProjectAcres) represents the amount of acreage that is going to be analyzed for a project that will take place on the land area within a specific National Forest or Forests. For example, a project that was initiated in the Helena National Forest, the NEPA document would define how many acres that the project would encompass. The acreage the Forest Service analyses is generally smaller than the National Forest area. This relates to the total project costs in how efficiently the Forest Units allocates their resources to accomplish an analysis of a project area.
As discussed previously, whenever NEPA is initiated the projects iteratively fall into three categories depending on the magnitude of the environmental impacts. If it is determined from scoping that the likelihood of impact is small, then a Categorical Exclusion is prepared. If scoping reveals potential significant environmental impacts, then an Environmental Assessment is undertaken. If the EA finds that significant impacts to the quality of the human environment will be affected then the most rigorous of analysis, the Environmental Impact Statement (EIS) is prepared. I created a binary variable to attempt to estimate the rigorousness of analysis and its relationship to the cost of a NEPA project. The Categorical Exclusion (CE) variable is a dummy variable to look at the variation of total costs associated with a project designated as a CE. The variable EA also shares this same meaning, but the project is designated as an Environmental Assessment. The variable EIS is excluded from the regression to eliminate multicollinearity. Within the 77 projects included in the analysis, the distribution of the types of projects are as follows: 17 Categorical Exclusions, 42 Environmental Assessments, and 18 Environmental Impacts Statements. In this regression I look at the cost of all three types of documents, with the CE representing the lower bound and the EIS the respective upper bound. The year variables 2006-2016 represent all years that are analyzed in the dataset.
The variable Idaho site (IDsite) is used as a dummy variable to indicate whether the project lies within the Idaho region of the analysis. This variable is included to look at NEPA cost variation between Idaho and Montana, the two areas where the data was gathered. Summary statistics are provided in Table 1. 4.1.1 Econometric estimation I estimated cost equations using a variety of econometric methods. I ran the first model using a log-log OLS model and the second estimation with a variation of the translog model. The modified translog model for Forest Service cost function takes the form:
This single cost factor cost function is made with the assumption that labor, capital, and input prices are constant. This assumption can be made for multiple reasons. There are various agents that work on the NEPA documents that are prepared for the public. This includes various biologists (wildlife, fisheries, etc.), hydrologists, botanists, silvaculturists, and a NEPA lead to manage the project. This is not a complete list but illustrates the type of personnel that completes these analyses. The NEPA lead estimates the number of days this team of resource specialists will need to complete the NEPA process. This is how budgets are established to estimate project completion costs. In my analysis resource specialists and NEPA planners work in close proximity to one another (from forest to forest). For example, those working in the Helena National Forest and those working in the adjacent Flathead National Forest should have very similar labor costs. This allows me to assume that labor prices are constant for the econometric model. Given the close proximity of the forests, they are likely to face the same input prices and capital costs. This is further exhibited through public information regarding wages of Federal employees. In Region 1 resource specialist salaries in all counties in the Nez Perce Clearwater and the Helmville/Garnet Range have a 14.35% pay adjustment (www.federalpay.org/gs/2016).
One of the concerns with OLS estimation is the assumption that the error term has constant variance, or that the error terms are homoscedastic. When this assumption is violated then heteroscedasticity is present and OLS remains unbiased, but the standard errors are biased. When running an OLS model heteroscedasticity is a major concern as it can invalidate statistical tests of significance because the modelling errors are uncorrelated and uniform [24] , [25] . I conducted multiple tests to detect for the presence of heteroscedasticity. The translog model estimations are the subject of these tests, given their more robust results.
As a starting point, I performed a visual test for the presence of heteroskedasticity by examining the relationship between the fitted values in the estimation and the residuals of the observations. When heteroscedasticity is present the error-terms may increase as the values of the IVs increase (non-constant variance). With a small sample the residuals will be somewhat larger near the mean of the distribution than at the extremes, as opposed to a large sample when you would ideally see an envelope of even width of the residuals. A visual test in this case, does not provide us with enough information to dismiss concerns about heteroscedasticity. There are a variety of statistical tools in our toolbox to further address this issue.
A Breusch-Pagan-Godfrey (BPG) tested in a null hypothesis (Ho) that the model has constant variance, or that the error terms are homoscedastic. If the p value of the BPG test is less than 0.05 then we reject the null hypothesis. For the resulted p value of 0.3415 in my test, we fail to reject the null hypothesis. A White Test was also performed and resulted in a p-value of .44, and we also fail to reject the null hypothesis of homoskedasticity.
Left and right-hand side variables
The left-hand side (LHS) of the equation (in logarithmic form) is composed of total costs of individual projects. The average total costs for each type of project (CE, EA, and EIS) are summarized in Table 2 .
The right-hand side (RHS) variables also in logarithmic form are project acres (lnProjectAcres), project acres squared (lnProjectAcresSq), CE, EA, ESA, 2006 ESA, , 2007 ESA, , 2008 ESA, , 2009 ESA, , 2010 ESA, , 2011 ESA, , 2012 ESA, , 2013 ESA, , 2014 ESA, , 2015 , and Idaho sites (IDsite). The interaction effects for project acres and project years is also estimated.
The results for both regressions, log-log and translog, are shown in Table 3 . Comparing these results, the r-squared increases from the log-log model to the translog model from 66% to 78%. The independent variable CE is statistically significant at the 95% confidence level and has a negative coefficient in the log-log regression but is not significant in the translog model. The variable CE is significant in both estimations. This variable represents a project that occurs and that is the least intensive of analysis, a Categorical Exclusion. The results of the model estimate that the cost of a CE on average are 100% less than an EIS. The ESA variable is also significant and positive, but the magnitude of impact on total cost dropped from 59% to 51%. The interpretation of these results is that if an endangered species is present in the project area, the project experiences 51%-59% higher costs, ceteris paribus.
Economies of scale estimation
The translog function allows for both positive and negative scale effects, average cost can both decrease and increase across the range of the cost function. A standard expression to estimate scale effects is:
This estimation from eqn (4) provides a value that explains the percentage change in cost, given a percentage change in quantity, or an elasticity. For my model ε q = 0.05+0.018 (lnprojectacres). If we use these results to estimate a 5,000 acre increase in project size, then there would be 57.9% increase in the cost of the project, all else equal.
DISCUSSIONS
In this article, I examined the NEPA costs associated with timber projects occurring on Forest Service land. This was developed within the framework of an econometric model from a database used to log budgeting plans for NEPA projects. A variation of a translog cost function and a log-log regression were run to select an appropriate means to approximate the cost function of the Forest Service's NEPA analyses. The translog cost function provided more favorable results. The implications of these results provide information for cost-benefit analyses that are undertaken to look at the economic viability of timber projects on Forest Service land. It is my hope that my research furthers the academic and public scrutiny of a process that lacks central fiscal accountability.
The calculation and estimation of NEPA costs remains a contentious issue for the government agency leading the analysis, the stakeholders, and private interests. It is worth positing that public agencies are potentially not concerned with the cost of NEPA because they are incurring a cost of providing information about a public good; that it's value is immeasurable. Another potential means of curtailing the costs of NEPA is the integration of private partners into the NEPA process. This could be in the form of outsourcing the process to an external consulting firm or enable a private partner to become part of the process.
Private companies would have incentive to help make NEPA more efficient and could be reviewed by the Forest Service personnel for thoroughness.
Another way to increase the efficiency of NEPA is to use an integrated interagency collaboration network. This could link projects with similarities and possible overlap amongst tasks. One under-researched stage of the environmental impact statement is the scoping practice [26] . If the scoping process was improved, a more efficient trajectory for the project could be created, which would make the NEPA documents less costly. It is my hope that this paper serves as a foundation to further the literature on estimating and understanding NEPA costs. Other areas of research include economies of scope estimates for NEPA projects and expanding the analysis area to contrast with other regions of the US Forest Service.
